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ORIGINAL ARTICLE
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Abstract
Primary objective: To determine whether patients with stroke who have a good functional
outcome show awareness of memory functioning and whether over- and under-estimation of
memory performance are differentially related to neuropsychological performance.
Research design: Prospective cohort study.
Methods and procedures: The Barrow Neurological Institute Screen for Higher Cerebral
Functions and a brief neuropsychological assessment were used to evaluate language,
orientation, attention, visuospatial problem-solving, perception, reasoning, executive function-
ing, memory, affect and awareness of memory functioning. As for the latter, the patient’s
estimate of memory functioning was compared with his or her actual memory performance.
Patients were divided into three groups: good-estimators (estimated performance¼ actual
performance), over-estimators (estimated performance4actual performance) and under-
estimators (estimated performance5actual performance).
Main outcomes and results: In total, 54 patients with stroke were included, of whom 27 patients
were classified as good-estimators, 19 as over-estimators and eight as under-estimators.
Compared to good-estimators, over-estimators had significantly lower scores for all cognitive
domains. Under-estimators had significantly poorer affect compared to good-estimators.
Conclusions: These preliminary results suggest that over- and under-estimation of memory
functioning can be observed in patients with stroke who have a good functional outcome and
that they may reflect distinct underlying neuropsychological processes.
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Introduction
Impaired awareness of deficits is a frequently observed
phenomenon in patients with stroke that may lead to poor
outcome [1–4]. It manifests itself as diminished insight of a
specific deficit in sensory, perceptual, motor, behavioural or
cognitive functioning [5]. Awareness deficits have been
mostly studied in rehabilitation settings and consequently
usually include patients with stroke who have considerable
disabilities. However, impaired awareness of functioning may
also be present in patients with stroke who have a good
functional outcome (i.e. those who show no immediate
significant motor, sensory or linguistic symptoms). Despite
enduring cognitive and emotional impairments, these patients
with ‘mild’ stroke are often discharged home within days and
are usually not referred to a rehabilitation programme or other
forms of follow-up care [6–9]. Impaired awareness in these
patients may lead to a failure to seek help for their cognitive
and emotional impairments and consequently they may not
receive the treatment that they need. All patients with stroke
who have a good functional outcome should, therefore, be
assessed by a neuropsychologist to screen for cognitive and
emotional impairments and awareness deficits. Short screen-
ing procedures would be helpful to assess all patients with
stroke. A neuropsychological screening instrument that is
unique in its measurement of the patient’s awareness of
memory functioning and that also evaluates affect and
cognitive functioning is the Barrow Neurological Institute
Screen for Higher Cerebral Functions (BNIS) [10].
The BNIS awareness domain uses a performance-based
discrepancy method to assess awareness of memory func-
tioning. When using this method, the patient’s opinion or
estimation of his functioning is compared to an objective
standard. The level of the awareness deficit is then based on
the discrepancy between both measures. In the BNIS, the
patient is asked to predict his memory performance in
recalling words from a list. The patient’s prediction is
subsequently compared to the actual number of words he
was able to recall [11]. The performance-based discrepancy
Correspondence: C. M. van Heugten, Maastricht University, School for
Mental Health and Neuroscience, Department of Psychiatry and
Neuropsychology, PO Box 616, 6200 MD Maastricht, The
Netherlands. Tel: 0031 43 388 40 91. Fax: 0031 43 388 40 92.
E-mail: c.vanheugten@maastrichtuniversity.nl
method can be used to classify patients into one of the
following awareness groups: good-estimators (subjective
performance¼ objective performance), over-estimators (sub-
jective performance4objective performance) and under-esti-
mators (subjective performance5objective performance)
[12]. Previous studies suggested that the latter two awareness
groups reflect different neuropsychological processes. Under-
estimating cognitive performance has, for example, been
associated with depressive symptoms in patients with mul-
tiple sclerosis [13, 14]. Also, Sawchyn et al. [15] proposed an
association between an under-estimation of performance and
more emotional distress in patients with traumatic brain
injury. Over-estimation of cognitive performance, however,
has been associated with more cognitive impairments in
patients with epilepsy [16] and multiple sclerosis [13].
The current study investigated whether patients with stroke
who have a good functional outcome have intact awareness,
over-estimation or under-estimation of memory functioning
on the BNIS. Furthermore, it was examined whether over- and
under-estimators differ in cognition and affect, i.e. in their




This study was a prospective cohort study. For this paper,
secondary analyses were done. Data were used from patients
from two outpatient clinics and one inpatient clinic, between
August 2009 and May 2011. Patients were included if they
had suffered from stroke (512 months); who had sufficient
command of the Dutch language; and who had good
functional outcome in terms of a Barthel Index [17] score
19 points.
A total of 54 patients with stroke were included in this
study. Of this group, 46.3% of patients had an ischaemic
stroke; 11.1% a haemorrhagic stroke; and 42.6% a subarach-
noid haemorrhage (SAH). The mean time between diagnosis
and assessment was 15.0 weeks (SD¼ 12.8). In Table I the
sample characteristics are presented.
The Barrow Neurological Institute Screen (BNIS) for
higher cerebral functions [10] was administered as part of a
routine procedure following stroke. All patients completed the
BNIS and the brief NPA in the same session with half of
all patients starting with the NPA and the other half starting
with the BNIS. The study was conducted according to the
Code of Conduct for Medical Research of the Council of the
Dutch Federation of Medical Scientific Societies. At these
clinics, all patients are informed that their files can be used
anonymously for research purposes, unless they object.
A review procedure by a medical ethics committee is not
needed for use of anonymous routinely collected data.
Materials
Barthel Index
The Barthel Index is a measure of functional independence
[17]. It contains 10 items about basic self-care and mobility
(e.g. washing, transfers). Its total score has a 0–20 range.
Higher scores indicate more functional independence.
In accordance with other studies, this study used 19 points
as a cut-off value for functional independence [18, 19].
Barrow Neurological Institute Screen for Higher Cerebral
Functions (BNIS)
The BNIS [10] is a cognitive screening instrument that
includes a pre-screening and a screening phase. The pre-
screening is based on three domains: arousal–alertness, basic
language abilities and co-operation, which are scored on a
3-point rating scale. The pre-screening is based on observa-
tions by the experimenter. For each of the three items patients
have to attain a score of at least 2 in order to proceed to the
screening phase. These three pre-screening items contribute
to the BNIS total score. The BNIS screening part contains
27 items in seven domains: language, orientation, attention
and concentration, visuospatial problem-solving, memory,
awareness and affect. The awareness domain is based on
evaluation by the patient. The patient is read three words and
asked to repeat them. Subsequently, the patient is asked to
estimate how many words he or she will recall after 5–10
minutes: 0, 1, 2 or all 3. The patient’s estimation is compared















Gender, female 35.2% 33.3% 31.6% 50.0%
Median age in years 55.0 50.0 58.0 56.5
Age range 19–77 30–77 19–74 46–66
High educationb 33.3% 48.1% 15.8% 25.0%
Living with partner 83.3% 85.2% 84.2% 75.0%
Current employment status
Student 1.9% 0% 5.3% 0%
Full-time/part-time 33.4% 37.0% 31.6% 25.0%
Housemaker 3.7% 3.7% 5.3% 0%
Sick leave 33.4% 33.3% 26.4% 50.0%
Retired 24.1% 18.5% 31.6% 25.0%
Unknown 3.7% 7.4% 0% 0%
Handedness
Left 11.1% 7.2% 15.8% 12.5%
Right 88.9% 92.6% 84.2% 87.5%
Type of stroke
Infarction 46.3% 44.4% 47.4% 50.0%
Haemorrhagic 11.1% 11.1% 10.5% 12.5%
Subarachnoid
haemorrhage
42.6% 44.4% 42.1% 37.5%
Location of strokec
Left hemisphere 45.2% 46.7% 54.5% 20.0%
Right hemisphere 41.9% 46.7% 27.3% 60.0%
Left and right
hemisphere
9.7% 6.7% 9.1% 20.0%
Unknown 3.2% 0% 9.1% 0%
Median time
post-stroke (weeks)d
10.0 9.0 12.5 7.0
aGood-estimators (estimated performance¼ actual performance);
over-estimators (estimated performance4actual performance);
under-estimators (estimated performance5actual performance).
bHigh education finished high school; Low education5finished high
school.
cOnly for infarction and haemorrhagic stroke.
dn¼ 52 (one missing value in the good-estimator and over-estimator
sub-group).
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to the actual number of recalled words. The other BNIS
domains on cognition and affect are described in detail
elsewhere [8, 10].
Items are summed to obtain domain scores and a total
BNIS score. The total BNIS score has a 0–50 range. Higher
scores indicate better functioning. Interpretation of impaired
cognitive performance is based on a cut-off value of547 for
patients 55 years and 543 for patients 455 years [10].
Previous studies have reported good psychometric properties
for the BNIS in patients with brain injury [8, 10, 20–26]. The
BNIS takes 10–15 minutes to administer [10].
Neuropsychological assessment (NPA)
The brief NPA consisted of a core battery that was admin-
istered to all patients. Since the cognitive screening was part
of standard care, additional neuropsychological tests varied
depending on, for instance, cognitive complaints reported by
the patient. The core battery consisted of six conventional
neuropsychological tests. The Star Cancellation Test (SCT)
[27] was used to assess perception. Language performance
was assessed with the Boston Naming Test (BNT) [28] short
form. The Rey Auditory Verbal Learning Test (RAVLT) [29]
was used to assess verbal memory. The Trail Making Test Part
A (TMT-A) [30] was used to evaluate attention. Abstract
reasoning was determined with Raven’s Advanced
Progressive Matrices (RAPM) [31] short form. To assess
executive functioning, the Stroop Colour and Word Test [32]
was used. For the current study the variable of interest was the
Stroop interference score which was calculated with the
following formula: (card 3 – ((card 1 + card 2)/2)). The
neuropsychological tests are described in more detail else-
where [33].
Statistical analysis
The BNIS awareness score was used to divide the patients
into three sub-groups: good-estimators (estimated number of
recalled words¼ number of words actually recalled); over-
estimators (estimated number of recalled words4number of
words actually recalled) and under-estimators (estimated
number of recalled words5number of words actually
recalled). Descriptive statistics were used to describe charac-
teristics of the total stroke population and the sub-groups.
Non-parametric statistics (Chi-square tests, Mann Whitney
U-tests, Kruskall-Wallis tests, Fisher’s exact tests) were used
to compare the sub-groups regarding demographic (gender,
age, education) and injury (type of stroke, stroke location,
time post-stroke) characteristics. The differences between the
sub-groups regarding BNIS domain scores and NPA scores
were investigated by means of Kruskall-Wallis tests and
Mann-Whitney U-tests. Data were analysed using SPSS
version 21.0. Alpha was set at 0.05.
Results
Patients
A total of 54 patients with stroke who had a good functional
outcome were included. All patients passed the BNIS pre-
screening. Based on their BNIS awareness score, 27 patients
were classified as good-estimators. An equally large group of
patients showed awareness deficits: 19 patients were classi-
fied as over-estimators and eight patients were under-
estimators. In Table II, the difference between the estimated
number of recalled words and the number of words actually
recalled is shown for the three groups.
The sub-groups were compared regarding their demo-
graphic and injury characteristics. There were no significant
differences between the three sub-groups regarding age
(2¼ 3.185, p¼ 0.203) and gender (under- vs. over-estimators
p¼ 0.415; under- vs. good-estimators p¼ 0.433; over- vs.
good-estimators 2¼ 0.016, p¼ 0.901). There was a signifi-
cant difference in education (under- vs. over-estimators
p¼ 0.616; under- vs. good-estimators p¼ 0.419; over- vs.
good-estimators 2¼ 5.148, p¼ 0.023). There were signifi-
cantly more high educated patients in the good-estimator
group (48.1%) than in the over-estimator group (15.8%).
Regarding injury characteristics, no significant between-
group differences were found regarding time post-stroke
(2¼ 3.540, p¼ 0.170); type of stroke (infarction or sub-
arachnoid haemorrhage) (under- vs. over-estimators p¼ 1.00;
under- vs. good-estimators p¼ 1.00; over- vs. good-estimators
2¼ 0.034, p¼ 0.853); stroke location (left or right) (under-
vs. over-estimators p¼ 0.335; under- vs. good-estimators
p¼ 0.649; over- vs. good-estimators p¼ 0.702).
Awareness and neuropsychological performance
Scores on the BNIS and NPA for the three groups are
displayed in Table III. There were significant between-group
differences for all BNIS domains, the BNIS total score and all
cognitive tests of the NPA except for RAVLT delayed
recognition (2¼ 2.709, p¼ 0.258). In total, 44.4% of good-
estimators, 75.0% of under-estimators and 89.5% of over-
estimators scored below the BNIS cut-off for impairment on
the BNIS total score (547 for patients 55 years; 543 for
patients455 years [10]). Compared to good-estimators, over-
estimators had significantly poorer performance for the BNIS
domains orientation (U¼ 116.0, z¼4.09, p¼ 0.000); atten-
tion (U¼ 120.0, z¼3.21, p¼ 0.001); visuospatial problem-
solving (U¼ 128.5, z¼2.99, p¼ 0.003); memory
(U¼ 36.5, z¼4.99, p¼ 0.000); the BNIS total score
(U¼ 40.5, z¼4.84, p¼ 0.000); the Stroop Colour and
Word Test (U¼ 104.0, z¼3.22, p¼ 0.001); TMT-A
(U¼ 103.5, z¼3.42, p¼ 0.001); Boston Naming Test
(U¼ 120.0, z¼ 3.05, p¼ 0.002); RAPM (U¼ 88.0,




(estimation – total correct) % (n)
Under-estimators (n¼ 8) 3 0%
2 3.7% (2)
Good-estimators (n¼ 27) 1 11.1% (6)
0 50.0% (27)
1 18.5% (10)
Over-estimators (n¼ 19) 2 7.4% (4)
3 9.3% (5)
aGood-estimators (estimated performance¼ actual performance);
over-estimators (estimated performance4actual performance); under-
estimators (estimated performance5actual performance).
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z¼3.80, p¼ 0.000); RAVLT immediate (U¼ 132.5,
z¼2.77, p¼ 0.006) and delayed (U¼ 120.5, z¼3.05,
p¼ 0.002) recall; and Star Cancellation Test (U¼ 172.5,
z¼2.31, p¼ 0.021). Under-estimators had significantly
lower scores for the BNIS affect domain compared to good-
estimators (U¼ 46.5, z¼2.75, p¼ 0.006). The under-
estimators did not significantly differ from the good
estimators on any of the cognitive tests.
Discussion
The results of this exploratory study suggest that impaired
awareness of memory functioning is not limited to patients
with stroke who have considerable disabilities, but can also be
observed in patients with stroke who have a good functional
outcome. Half of the patients in this study over-estimated or
under-estimated their memory functioning. The results further
show that, compared to good-estimators, over-estimators had
poorer cognitive functioning and under-estimators had poorer
affect.
These findings suggest that over-estimation and under-
estimation of memory functioning are related to different
neuropsychological mechanisms. These findings are in line
with previous studies and with cognitive theories of aware-
ness. Giovagnoli [16] and Carone et al. [13], for example,
suggested that impaired awareness is a specific cognitive
impairment directly resulting from brain damage and they
already reported an association between over-estimation of
cognitive performance and cognitive impairments in patients
with brain injury [13, 16].
Under-estimation, however, may be related to psycho-
logical or emotional functioning. Patients who under-
estimated their memory performance had poorer affect than
good-estimators. The vast majority of under-estimators did
not obtain full credit for the affect domain. These results
suggest that an under-estimation of performance is associated
with an emotional component. This is supported by previous
studies in which emotional factors such as depression and
emotional distress were related to an under-estimation of
cognitive performance [13–15].
If different mechanisms underlie over-estimation and
under-estimation of functioning, then, in clinical practice it
is important to distinguish between patients who over-
estimate and patients who under-estimate their cognitive
performance. These two groups may need other interventions.
Patients with stroke who over-estimate their memory per-
formance may, for example, engage in activities that they are
not capable of performing. These patients may benefit from
psycho-education concerning their deficits and from inter-
ventions aimed at increasing awareness such as feedback
interventions [34]. In contrast, patients who under-estimate
their memory performance may needlessly avoid activities
that they are perfectly capable of doing. These patients may
need some kind of cognitive behaviour therapy first to
decrease their fears and anxiety [35].
Some limitations of this study should be noted. First, it
included a small, convenience sample of patients with
heterogeneous diagnoses. In particular, the under-estimator
group had a small sample size. Second, it is possible that
good-estimators, under-estimators and over-estimators dif-
fered in the type, location and volume of stroke lesions.
Previous studies suggested a strong association between
impaired awareness and right-hemisphere lesions that involve
cortical (insular, temporal and parietal lobes) and subcortical
structures (thalamus, basal ganglia) [4]. Although this study
did not find significant between-group differences regarding
stroke location (left, right), it is possible that, in this study, the
good-estimators more often had lacunar, less strategic or






(n¼ 8) Group comparison
Score range Median Range IQR Median Range IQR Median Range IQR 1,2,3 pa 1,2 pb 1,3 pb
BNIS language 0–15 15.0 10–15 1.0 13.0 8–15 2.0 15.0 14–15 0.75 0.014* 0.036* 0.172
BNIS orientation 0–3 3.0 2–3 0 2.0 1–3 1.0 3.0 2–3 0 0.000* 0.000* 0.353
BNIS attention 0–3 2.0 1–3 1.0 1.0 0–3 1.0 2.0 1–3 1.5 0.005* 0.001* 0.247
BNIS visuospatial 0–8 7.0 5–8 2.0 6.0 3–7 2.0 7.0 3–8 1.0 0.012* 0.003* 0.635
BNIS memory 0–7 5.0 3–7 2.0 2.0 0–6 2.0 4.0 4–7 1.75 0.000* 0.000* 0.073
BNIS affect 0–4 4.0 2–4 1.0 4.0 1–4 1.0 2.0 0–4 1.75 0.017* 0.847 0.006*
BNIS total score 0–50c 45.0 34–50 3.0 38.0 28–45 7.0 41.5 35–47 5.75 0.000* 0.000* 0.037
RAVLT
Immediate recall 0–75 41.0 27–70 14.0 30.0 17–52 18.0 36.5 30–57 14.3 0.016* 0.006* 0.387
Delayed recall 0–15 9.0 2–14 5.0 5.0 0–13 4.0 6.5 1–11 5.8 0.009* 0.002* 0.221
Delayed recognition 0–30 29.0 11–30 5.0 28.0 11–30 7.0 29.0 24–30 5.3 0.258 – –
Stroopd,e RT 38.5 13–98 28.0 66.3 38–183 58.6 42.5 31–96 16.1 0.004* 0.001* 0.582
Trail Making Test – Ae RT 31.0 20–56 13.0 61.0 22–251 56.0 35.0 20–61 21.3 0.002* 0.001* 0.542
Boston Naming Test 0–90 84.0 67–90 9.0 70.0 26–88 23.0 79.5 73–89 11.0 0.007* 0.002* 0.466
RAPM 0–12 9.0 3–11 3.0 6.0 1–10 5.0 7.5 2–9 1.8 0.000* 0.000* 0.067
Star Cancellation Test 0–54 54.0 50–54 0 54.0 45–54 2.0 53.5 51–54 2.8 0.041* 0.021* 0.051




cThe pre-screening has a 0–9 range.
dOne patient in the over-estimator group did not complete this test due to reading problems.
eHigher score reflects worse performance. *Significant at the 0.05 level (two-tailed).
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smaller volume lesions than the under- or over-estimators and,
consequently, better neuropsychological performance. Since
further topography of the strokes was not available, the
authors were not able to control for these factors. Second,
the over-estimators were lower educated than the good-
estimators. However, solely including high educated patients
(n¼ 18) or solely including low educated patients (n¼ 36)
yielded similar results. Low-educated over-estimators had
significantly lower cognitive performance compared to good-
estimators. High educated over-estimators had significantly
lower cognitive performance compared to high educated
good-estimators and high educated under-estimators had
significantly poorer affect than high educated good-estima-
tors. A third limitation is that no other emotional assessments
other than the BNIS affect domain were used to confirm that
under-estimating is associated with some kind of emotional
problems. Last, the differentiation between good-estimators,
over-estimators, and under-estimators was based on a single
awareness score with a small score range (0–3). In 59% of
incorrect estimations, estimated and actual performance
differed by only 1 point. Also, the small score range may
have caused a ceiling effect and, thus, a possible lack of
sensitivity for more subtle awareness problems. Furthermore,
mis-estimations of memory functioning are also found in
healthy persons and, therefore, do not necessarily imply
impaired awareness [10, 36]. With respect to the BNIS, 35%
of healthy persons mis-estimated their memory functioning in
previous studies [10]. Hence, an over- or under-estimation of
performance needs confirmation by a comprehensive neuro-
psychological assessment to diagnose impaired awareness.
Further research is needed to evaluate the sensitivity of the
BNIS awareness domain for detecting awareness problems
and to determine whether these findings are specific to
patients with stroke or that similar associations are present in
healthy controls as well.
In conclusion, the preliminary results of this study suggest
that impaired awareness of memory functioning can be
observed in patients with stroke who have a good functional
outcome. Results further seem to suggest that under- and
over-estimation of memory performance reflect different
neuropsychological processes. Further studies with larger
samples and other measures are needed to confirm these
results and to determine whether patients with poor memory
awareness are also impaired on the more general domain of
awareness.
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